Abstract A convergent and flexible synthetic route for the synthesis of C3-C12 fragment of iriomoteolide-1a is described. The key steps are: Mannich reaction, Keck asymmetric allylation, Sharpless asymmetric epoxidation and cross-metathesis protocol. 
Introduction
Members of Amphidinium sps. are among the most abundant and diverse sand-dwelling benthic dinoflagellates worldwide [1] [2] [3] [4] , and have been proven to be important sources of structurally unique polyketides [5] [6] [7] . Iriomoteolides [8, 9] were isolated from the strain HYA024 Tsuda et. al. by the continued research of Amphidinium species. Iromoteolide-1a 1 is a 20 membered macrolide class of natural product, with nine asymmetric carbons, a pyran ring, a quaternary carbon, two trans double bonds, one tri substituted cis double bond and an exo-methylene on pyran ring. The structural features coupled with biological activities of 1 attracted several synthetic strategies [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] was shown to be potently cytotoxic to human B lymphocyte DG-75 cells (IC 50 2 ng/mL) and Epstein-Barr virus infected human B lymphocyte Raji cells (IC 50 3 ng/mL) [6] .
Results and discussion
Herein, we disclose a concise and executable synthesis for C3-C12 fragment 2 of the proposed structure of iriomoteolide 1a 1.
The retrosynthesis of 2 is depicted in Scheme 1. The fragment 2 could be realized from 3 and 4 by cross-metathesis reaction. In turn 3 could be prepared from 5, while fragment 4 could be planned from alcohol 6. Thus, the C-9 stereo center is realized from D-mannitol, while the C-5 hydroxy along with olefin is created by Sharpless epoxidation and fragmentation reaction.
Thus, for the synthesis of olefin 3, the known alcohol 5 [21] was subjected to oxidation with IBX in EtOAc at reflux for 1 h to give aldehyde 5a, which was subjected to Mannich reaction [22] on treatment with CH 2 Br 2 and Et 2 NH in CH 2 Cl 2 at room temperature for 3 h to afford aldehyde 7 in 56% yield (Scheme 2). Reduction of enal 7 with NaBH 4 in MeOH at 0°C to room temperature for 1 h gave alcohol 8 (83%), which on reaction with PMBBr and NaH in THF at 0°C to room temperature for 3 h afforded 9 (78%). Acetonide deprotection in 9 with CuCl 2 Á2H 2 O [23] in CH 3 CN at 0°C to room temperature for 1 h gave diol 10 in 78% yield. Regioselective protection of primary alcohol in 10 with benzoyl chloride, Et 3 N and n-Bu 2 SnO [24] in CH 2 Cl 2 at 0°C to room temperature for 1 h furnished 11 (85%), which on further reaction with p-TsCl, Et 3 N and DMAP (cat.) in CH 2 Cl 2 at room temperature for 5 h afforded tosylate 11a. Treatment of 11a with K 2 CO 3 in methanol at 0°C to room temperature for 1 h furnished the epoxide 12 in 84% yield. Reaction of epoxide 12 with vinylmagnesium bromide in the presence of CuI [25, 26] in THF at À20°C for 30 min gave homoallylic alcohol 13 (90%), which on silylation with TPSCl and imidazole and DMAP (cat.) in CH 2 Cl 2 afforded ether 3 in 86% yield.
Alternatively, fragment 3 was synthesized from 1,4-butanediol derived aldehyde 14 [27] in a short route with better yields. Accordingly, aldehyde 14 on catalytic asymmetric Keck [28, 29] allylation with (R,R)-BINOL, allytri-n-butyltin and Ti (O i Pr) 4 4 and cumenehydroperoxide in CH 2 Cl 2 at À20°C for 5 h furnished epoxide 22 in 81% yield. Epoxy alcohol 22 on reaction with iodine, Ph 3 P and imidazole in THF at 0°C to room temperature for 30 min afforded the corresponding iodide 22a, which on treatment with NaI and Zn dust [31] in MeOH at reflux for 4 h furnished olefin 23 in 78% yield. Silylation of 23 with TBSCl and imidazole in CH 2 -Cl 2 at 0°C to room temperature for 1 h gave ether 24 (84%). Reaction of 24 with lithium naphthalenide (LN) [32] in THF at À20°C for 30 min gave alcohol 25 in (86%).
Cross metathesis reaction of olefins 25 and 3 with Grubbs-II catalyst [33] [34] [35] [36] in toluene at reflux for 6 h met with failure to give 26 (Scheme 5).
Attributing such a failure to get 26 to the bulky TBS group present in 25, 3 was subjected to desilylation with TBAF in THF at 0°C to room temperature for 4 h to give the diol 27 in 78% yield (Scheme 5). Reaction of 3 with 27 using 10 mol % of Grubbs-II catalyst in toluene at reflux afforded 2 (48%), which constitutes the C3-C12 fragment.
Conclusions
In summary, an efficient approach for the synthesis of the C3-C12 fragment of iriomoteolide-1a has been developed. Mannich reaction was used to install the exo-double bond, homoallylic hydroxy stereocenter was achieved from chiron approach as well as from asymmetric approach and the allylic Scheme 2 Synthesis of compound 3.
hydroxyl stereocenter was developed from Sharpless asymmetric hydroxylation.
Experimental section

General
Solvents were dried over standard drying agents and were freshly distilled prior to use. Chemicals were purchased and used without further purification. All column chromatographic separations were performed using silica gel (Acme's, 60-120 mesh Scheme 5 Synthesis of target 2.
Synthesis of C3-C12 fragment of iriomoteolide-1aDMSO (1 mL) were added and heated at reflux for 1 h. The reaction mixture was filtered through a pad of Celite and washed with EtOAc (2 Â 10 mL). The combined organic layers were washed with water (10 mL), brine (10 mL), dried (Na 2 -SO 4 ) and evaporated to give the aldehyde 5a, which was used as such for the next step. 
To a stirred solution of 7 (0.50 g, 3.12 mmol) in MeOH (5 mL) at 0°C, NaBH 4 (0.10 g, 3.12 mmol) was added portion wise and stirred for 1 h. MeOH was evaporated and extracted with EtOAc (10 mL). Organic layer was washed with water (5 mL), brine (5 mL) and dried (Na 2 SO 4 
(S)-4-(2-((4-Methoxybenzyloxy
To a stirred suspension of NaH (0.21 g, 8.96 mmol) in THF (5 mL) at 0°C, a solution of 8 (0.40 g, 2.24 mmol) in THF (5 mL) was added and stirred for 30 min. A solution of PMBBr (0.54 g, 2.68 mmol) in THF (6 mL) was added and stirred at room temperature for 3 h. The reaction mixture was quenched with sat. NH 4 Cl (5 mL) solution and extracted with EtOAc (15 mL). Organic layer was washed with water (10 mL), brine (10 mL) and dried (Na 2 SO 4 ). It was evaporated and purified the residue by column chromatography (60-120 mesh Silica gel, 10% EtOAc in pet. ether) to furnish 9 (0.55 g, 78%) as a light yellow syrup. [ 
(S)-2-Hydroxy-4-((4-methoxybenzyloxy)methyl)pent-4-enylbenzoate (11)
To a solution of 10 (0.21 g, 0.85 mmol) in CH 2 Cl 2 (5 mL) at 0°C, Et 3 N (0.24 mL, 1.70 mmol), n-Bu 2 SnO (cat.) and benzoyl chloride (0.13 mL, 0.85 mmol) were added sequentially and stirred at room temperature for 1 h. The reaction mixture was diluted with CHCl 3 (8 mL) and washed with water (10 mL), brine (10 mL) and dried (Na 2 SO 4 
(R)-2-(2-((4-Methoxybenzyloxy)methyl)allyl)oxirane (12)
A solution of 11 (0.28 g, 0.81 mmol) dissolved in CH 2 Cl 2 (3 mL) at 0°C was treated with Et 3 N (0.34 mL, 2.44 mmol), p-TsCl (0.31 g, 1.63 mmol) and DMAP (cat.) and stirred at room temperature for 5 h. The reaction mixture was diluted with CH 2 Cl 2 (4 mL), washed with water (5 mL), brine (5 mL) and dried (Na 2 SO 4 ). Solvent was evaporated to afford 11a as a light yellow liquid, which was used as such for the next reaction.
To a stirred and cooled (0°C) solution of 11a (0. To a stirred mixture of 12 (0.14 g, 0.59 mmol) and CuI (0.01 g, 0.05 mmol) in THF (2 mL) at À20°C, vinylmagnesium bromide (0.71 mL, 0.71 mmol) was added and stirred for 30 min. The reaction mixture quenched with sat. NH 4 Cl (0.5 mL) and extracted with EtOAc (5 mL). Organic layer was washed with water (5 mL), brine (5 mL) and dried (Na 2 SO 4 ). It was evaporated and purified the residue by column chromatography (60-120 mesh Silica gel, 12% EtOAc in pet. ether) to afford 13 (0.14 g, 90%) as a light yellow syrup.
[a] 
(R)-7-(4-Methoxybenzyloxy)hept-1-en-4-ol (15)
A mixture of (S,S)-BINOL (0.85 g, 2.98 mmol), Ti(O i Pr) 4 (0.42 g, 1.49 mmol), CF 3 COOH (cat.) and 4 Å molecular sieves (2.4 g) in CH 2 Cl 2 (30 mL) was stirred at reflux for 1 h. The reaction mixture was cooled to room temperature and treated with a solution of 14 (3.10 g, 14.90 mmol) in CH 2 Cl 2 (10 mL). After 10 min, the reaction mixture was cooled to À78°C and allyl tributylstannane (5.94 mL, 19.37 mmol) was added and stirred at À20°C for an additional 36 h. It was quenched with sat. NaHCO 3 solution (5 mL) and stirred for 30 min. The reaction mixture was diluted with CH 2 Cl 2 (40 mL) and washed with water (20 mL), brine (20 mL) and dried (Na 2 SO 4 ). Solvent was evaporated and purified the residue by column chromatography (60-120 mesh Silica gel, 10% EtOAc in pet. ether) to furnish 15 (3.1 g, 84%) as a light yellow syrup. [ 1514, 1466, 1428, 1362, 1219, 1111, 1037, 1002, 821 
(S)-4-(tert.-Butyldiphenylsilyloxy)-2-methylenehept-6-enal (18)
To a solution of oxalyl chloride (1.26 mL, 14.70 mmol) in CH 2 Cl 2 (10 mL) at À78°C, DMSO (2.08 mL, 29.42 mmol) was added dropwise. After 30 min, alcohol 17 (1.80 g, 4.90 mmol) in CH 2 Cl 2 (8 mL) was added over 10 min and stirred at À78°C for 2 h. Et 3 N (5.45 mL, 39.20 mmol) was added slowly and stirred for an additional 30 min allowing the reaction mixture to warm to room temperature. The reaction mixture was diluted with water (10 mL) and CH 2 Cl 2 (50 mL). The organic layer was separated and washed with water (10 mL), brine (10 mL) and dried (Na 2 SO 4 ). Solvent was evaporated to give aldehyde 17a, which was used as such for the next reaction.
A mixture of Et 2 NH (1.53 mL, 14.79 mmol) and CH 2 Br 2 (5.16 mL, 12.89 mmol) was heated to 55°C for 1.5 h and cooled to room temperature. A solution of aldehyde 17a (1.8 g, 4.94 mmol) in CH 2 Cl 2 (10 mL) was added to the preheated mixture (Et 2 NH and CH 2 Br 2 ) at room temperature and allowed to stir for 3 h at the same temperature. Work up as described for 7 and purification of the residue by column chromatography (60-120 mesh Silica gel, 8% EtOAc in pet. ether) furnished 18 (1.0 g, 55%) as a light yellow syrup. [ To a stirred suspension of NaH (0.11 g, 4.74 mmol) in THF (6 mL) at 0°C, a solution of alcohol 19 (0.60 g, 1.58 mmol) in THF (6 mL) was added and stirred for 30 min. A solution of PMBBr (0.38 g, 1.90 mmol) in THF (4 mL) was added and stirred at room temperature for 3 h. Work up as described for 9 and purification of the residue by column chromatography (60-120 mesh Silica gel, 4% EtOAc in pet. ether) furnished 3 (0.71 g, 90%) as a colorless syrup. Spectral data were comparable with the compound 3 synthesized from 13.
(S,E)-Methyl 5-(benzyloxy)-4-methylpent-2-enoate (20)
To a solution of oxalyl chloride (4.65 mL, 54.09 mmol) in CH 2 Cl 2 (30 mL) at À78°C, DMSO (7.69 mL, 108.32 mmol) was added dropwise and stirred for 30 min. A solution of 6 (6.5 g, 36.1 mmol) in CH 2 Cl 2 (20 mL) was added and stirred for 2 h at À78°C. Work up as described for 17a furnished aldehyde 6a, which was used as such for the next reaction. A solution of aldehyde 6a (6.45 g, 36.5 mmol) in benzene (40 mL) was treated with (methoxycarbonylmethylene)triphe nyl phosphorane (12.19 g, 38.62 mmol) and heated at reflux for 1 h. Solvent was evaporated and purified the residue by column chromatography (60-120 mesh Silica gel, 4% EtOAc in pet. ether) to furnish 20 (6.53 g, 89%) as a yellow syrup. 
((2R,3R)-3-((R)-1-(Benzyloxy)propan-2-yl)oxiran-2-yl)methanol (22)
To a stirred solution of (À)-DIPT ( To a stirred solution of 25 (0.5 g, 1.09 mmol) in THF (3 mL) at 0°C under N 2 atmosphere, TBAF (0.34 g, 1.31 mmol) was added and stirred at room temperature for 4 h. The reaction mixture was diluted with EtOAc (10 mL) and washed with water (5 mL), brine (5 mL) and dried (Na 2 SO 4 ). It was evaporated and purified the residue by column chromatography (60-120 mesh Silica gel, 60% EtOAc in pet. ether) to afford 27 (0.11 g, 78%) as a light yellow syrup. [ To a solution of olefins 27 (0.05 g, 0.10 mmol) and 30 (0.02 g, 0.20 mmol) in toluene (2 mL) under nitrogen atmosphere, Grubbs-II generation catalyst (0.01 g, 0.01 mmol) was added and stirred at reflux for 6 h. Most of the solvent was then distilled off and the concentrated solution was left to stir at room temperature for 2 h under a flow of air to decompose the catalyst. The reaction mixture was evaporated to dryness to give a brown residue, which on purification by column chromatography (60-120 mesh Silica gel, 40% EtOAc in pet. ether) afforded 2 (0.03 g, 61%) as a light yellow syrup. [ 
